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PLENARY PRESENTATIONS

P1. HPV /Vaccine Trial
Douglas Lowy

Laboratory of Cellular Oncology, Center for Cancer Research, National Cancer Institute, National Institutes of Health,
Bethesda, MD

HPV causes a range of epithelial cancers (1). Cervical cancer is the most important of them globally, as it accounts
for ~90% of HPV-associated cancers worldwide (2). The main public health challenge for HPV-associated cancer lies
in the developing world, where ~ 85% of cervical cancers occur and ~90% of the deaths from this cancer. Without
additional interventions, it is projected that the annual number of cervical cancer deaths in the developing world will
increase indefinitely, for example going from 206K in 2015 to 317K in 2030.

The HPV virus-like particle vaccines (Gardasil, Gardasil9 [Merck], and Cervarix [GlaxoSmithKline]) can potentially to
eradicate HPV-associated cancer as a major worldwide public health problem, as they confer >90% vaccine efficacy
(VE) in the primary prevention of new infections and disease caused by the HPV types targeted by the vaccines. The
vaccines are most cost-effective if given prior to sexual debut, as the vast majority of oncogenic HPV infections are
sexually transmitted. They are the first approved vaccines that target an infectious agent that induces local sexually
transmitted disease. Fewer than 3% of eligible girls in the developing world had been vaccinated through 2015 (3).

The vaccines were originally approved for three doses, which is expensive — even with tiered pricing - and can pose
logistical problems in many poor resource settings. Subsequently, they have been approved for two doses in young
adolescents, based on immunobridging trials (4).

Post-hoc analyses of women in the Costa Rica Vaccine Trial (CVT) indicated that VE in women who received one or
two doses of Cervarix was not inferior to VE against the intended three doses. Furthermore, the HPV16/18 antibody
titers in the one dose women have been stable for 7 years, a finding without precedent for a protein-based subunit
vaccine (5). We hypothesize that a single HPV vaccine dose may confer long-term protection in young adolescents
and are testing it in an efficacy trial. It is a 4 arm, randomized controlled, non-inferiority trial in 20,000 12-16 year old
girls that evaluates the efficacy and serum responses of two FDA-approved vaccines, Cervarix and Gardasil9, each
of which is tested at one dose and two doses. If high efficacy is demonstrated for one dose of at least one of the
vaccines, the evidence should be practice-changing. If a single vaccine dose were to cost $3, it would be possible to
vaccinate an entire global female birth cohort (~60 million girls/year) for less than $200 million/year.

References

1. Lowy DR. 2016. HPV vaccination to prevent cervical cancer and other HPV-associated disease: from basic
science to effective interventions. J Clin Invest 126:5-11.

2. Plummer M, et al. 2016. Global burden of cancers attributable to infections in 2012: a synthetic analysis. Lancet
Glob Health 4:¢609-616.

3. BruniL etal. 2016. Global estimates of human papillomavirus vaccination coverage by region and income level:
a pooled analysis. Lancet Glob Health 4:€453-463.

4. Iversen OE et al. 2016. Immunogenicity of the 9-Valent HPV Vaccine Using 2-Dose Regimens in Girls and Boys
vs a 3-Dose Regimen in Women. JAMA 316:2411-2421.

5. Safaeian M et al. 2017. Durability of Protection Afforded by Fewer Doses of the HPV16/18 Vaccine: The CVT
Trial. J Natl Cancer Inst in press.
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P2. Cervical Cancer Control in Africa

M.H. Botha

Department of Obstetrics and Gynaecology and Unit for Gynaecological Oncology, Faculty of Medicine and Health
Sciences, Stellenbosch University, Cape Town, South Africa

Cervical cancer remains an important cause of morbidity and mortality in Africa. The incidence remains unacceptably
high, cases are often diagnosed late and many have poor response to treatment. Treatment facilities, in particular
advanced surgery and radiotherapy, are scarce and often under resourced. Determinants of the high cervical cancer
rate and poor outcome of treatment include low number of health care workers (HCW) per capita, more HIV (human
immunodeficiency virus) infections and competing health care needs. A lack of patient empowerment and knowledge
leads to a low degree of health seeking behaviour.

The HIV epidemic in Africa complicates cancer control efforts. Co-infection with HIV and oncogenic HPV (human
papilloma virus) leads to earlier cancer presentation, less effective treatment for pre-malignant lesions and higher
morbidity and side-effects during treatment for advanced disease. HIV infected women host more strains of HPV for
longer periods that HIV non-infected women. However, treatment with effective anti-retroviral HIV therapy (ARV)
causes a time dependant reduction in HPV detection in line with immune reconstitution. Women on ARV also have
better response to treatment of pre-malignant and malignant disease.

The uptake of HPV vaccination in national programs has been slow in Africa but there are notable exceptions like
Rwanda, Botswana, Libya and South Africa. The successful introduction of a school based vaccination program is a
momentous task, especially in settings where no adolescent, adult or school based vaccination programmes existed
prior to the roll out. Education of HCW and the general public is crucial to the success, as no framework and culture
for the immunisation of older youth and adult populations are established. Barriers include the challenges associated
with administration of a 3-dose vaccine in a busy school calendar. A 2 dose schedule in young adolescents is equally
effective and logistically much easier. Community based consent strategies which negated individual parental
consent were introduced in Uganda, and parent opt-out strategies were used in Tanzania and Rwanda. The
importance of grade-based, compared to age-based, eligibility criteria and completion of the vaccination series in one
calendar year will improve uptake. HPV infection may increase HIV acquisition significantly. A theoretical possibility
exist that HPV prevention through vaccination may, as an unintentional benefit, also reduce HIV transmission in at-
risk populations.

Secondary prevention through screening has been shown to reduce cervical cancer significantly where
comprehensive, population based, call-and-recall programs were introduced. In most countries in Africa the success
of screening has been limited. Opportunistic screening will, at least for the foreseeable future, continue to be the
norm. Self-sampling for HPV testing may be the ideal strategy in campaign-based, opportunistic programs where
quick turnaround times are essential.

Linking health interventions achieve cost effective ways of disease prevention. By controlling HIV, the incidence of
HPV related disease will, as a result, also be reduced. In addition, HIV treatment facilities are used to monitor
cervical screening and treatment. Linking opportunistic screening of mothers to vaccination of their children is a
potential way to increase disease awareness and screening uptake.

Treatment for advanced cancer may be complicated by concurrent HIV disease. HIV-positive patients with cervical
carcinoma are less likely to complete chemo-radiotherapy and are more likely to experience hematologic toxicity.
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P3.  Molecular Carcinogenesis of Cervical Cancer: Beyond HPV
Nicolas Wentzensen
Division of Cancer Epidemiology and Genetics, National Cancer Institute, National Institutes of Health, Bethesda, MD

Most cervical cancers are caused by persistent infections with one of a dozen carcinogenic human papillomaviruses
(HPV). The cancer risk differs by HPV genotype, with HPV16 and HPV18 accounting for over 70% of all cervical
cancers. HPVs are small circular double-stranded DNA viruses that encode for about 8 viral proteins. Two of these,
E6 and E7, are potent oncoproteins that inhibit apoptosis by disabling p53 and activate the cell cycle by disrupting
the pRB pathway. In addition, the viral oncogenes cause major chromosomal instability already at precancerous
stages and may induce integration of the viral genome into the host cells. Despite these strong oncogenic features of
HPV, only a small subset of HPV infections ever progress to precancer or cancer. Recent large scale genomic
analyses, in part conducted through The Cancer Genome Atlas (TCGA) project, have revealed important somatic
host alterations in cervical cancers that shed new light on the molecular carcinogenesis of cervical cancer. There is
strong evidence that a large proportion of somatic mutations occurring in cervical cancers are related to the APOBEC
mutation mechanism, which is thought to act in response to viral infections. Significantly mutated genes identified
include PIK3CA, EP300, FBXW7, PTEN, HLA, ARID1A, KRAS and several others. Many characteristic copy number
alterations have been described, most importantly amplification of 3q. Complementary studies in cervical precancers
are now needed to establish the sequence of molecular events and the interplay between viral and host carcinogenic
pathways. A better understanding of the molecular carcinogenesis may offer new tools to predict which infections and
precancers will progress to cancer and may offer new targeted therapy approaches.
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P4.  HIV Gene Therapy
Kevin G. Haworth', Christopher W. Peterson’, Hans-Peter Kiem'?
'Fred Hutchinson Cancer Research Center, Seattle, WA; 2University of Washington, Seattle, WA

Despite the development of effective antiretroviral drugs, a sustained HIV cure has only been documented in one
patient to date. In 2007, the “Berlin Patient” received a bone marrow transplant to treat his leukemia from a donor
who was homozygous for a mutation in the CCR5 gene. This mutation, known as CCR5A32, prevents HIV replication
by inhibiting the early stage of viral entry into cells, resulting in resistance to infection from the majority of HIV
isolates. Over ten years after his last dose of antiretroviral therapy, the formerly HIV* transplant recipient remains free
of detectable replication-competent HIV. Multiple groups are now attempting to replicate this success, through the
use of other CCR5-negative donor cell sources. Additionally, developments in the use of lentiviral vectors and
targeted nucleases have opened the doors of precision medicine, and enabled new treatment methodologies using
the patient's own cells to combat HIV infection through downregulation or targeted ablation of CCR5 expression. In
addition to genetic protection strategies, cells can also be armed with anti HIV transgenes such as broadly
neutralizing antibodies or chimeric antigen receptors directed against HIV. By combining gene therapy strategies to i)
protect stem and T cells from HIV infection and ii) harness effective HIV-specific immunity, it might be possible to
play both offense and defense against the virus. This would enable the immune system to immediately begin
eliminating latently infected cells
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P5. Hematopoietic Transplantation for Patients With HIV and Hematologic
Malignancies

Richard F. Ambinder
Johns Hopkins University School of Medicine, Baltimore, MD

Beginning in the late 1980s, transplant-based approaches to the treatment of hematologic malignancies in patients
with HIV have been explored. The initial experiences were notable for infectious and other complications. With the
advent of antiretroviral therapy, autologous and allogeneic transplantation have been readdressed. A Bone Marrow
Transplant Clinical Trials Network/AIDS Malignancy Study showed that patients with HIV and lymphoma undergoing
autologous transplantation have outcomes comparable to matched controls. A subsequent trial from the same
collaborators showed that fatal opportunistic infections and other non-relapse mortality was not seen at all in the first
100 days after allogeneic transplant in HIV patients with hematologic malignancies providing reassurance that
allogeneic transplantation could also be safely carried out.

The report of the Berlin patient who received an allogeneic transplant from a CCR5delta32 homozygous donor and
was cured of HIV stimulated interest in the use of HIV resistant donors. Because of the requirements for HLA
matching and time delays while CCR5delta32 typing was carried out, very few patients have received such
transplants. However, relaxed HLA-matching requirements with post-transplant cyclophosphamide as graft-versus-
host disease prophylaxis and new policies that have led to routine CCR5delta32 typing in donors should profoundly
change that equation and we can expect more transplantation with HIV-resistant donors in the immediate future.
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P6. KSHYV Targets Nuclear Export of mRNA to Regulate Host Gene Expression

Danyang Gong', Yong Hoon Kim', Yuchen Xiao? Carissa Pardamean’, Nisar Farhat!, Sara Shu', Kevin Lee3,
Yushen Du', Yafang Xie!, Jun Feng', Novan J. Krogan*, Ren Sun’, Ting-Ting Wu'

'Department of Molecular and Medical Pharmacology; 2Department of Microbiology, Immunology, and Molecular
Genetics, 3School of Dentistry, University of California, Los Angeles, Los Angeles, CA; “Department of Cellular and
Molecular Pharmacology, University of California, San Francisco, San Francisco, CA

Manipulation of host gene expression allows a virus to control cellular functions, such as the antiviral response.
Through coevolution with hosts, herpesviruses have acquired various strategies to evade the type | interferon
responses. We identified that ORF10 of Kaposi's sarcoma-associated herpesvirus reduces the type | interferon
receptor expression by inhibiting mRNA nuclear export. We hypothesized that KSHV ORF10 exploits RNA export
pathway to control host gene expression. ORF10 interacts with RNA export factor (Rae1), and forms a complex with
Nup98. Rae1 contributes to mRNA transport by interacting with Nup98 at the nuclear pore complex (NPC). The
inhibitory effect of ORF10 on mRNA export is abolished by point mutations that disrupt the interaction with Rae1. Our
preliminary results indicate that interaction of ORF10 with Rae1 allows ORF10 to gain access to the mRNA export
machinery and interrupt its function at the NPC. Using a reporter assay and RNA sequencing, we found that the
export inhibition of MRNAs by ORF10 is not global but selective. We identified a subset of cellular mMRNAs whose
RNA export is blocked by ORF10. Furthermore, we showed that the selectivity of ORF10’s selectivity target is
dictated by the 3’ untranslated region (3'UTR) of the gene. Nevertheless, ORF10 reduces cytoplasmic RNA of ~20%
of genes by > 50%, suggesting a host shutoff function of ORF10. KSHV lytic replication results in a widespread
shutoff of host gene expression, and one major contributing gene to host shutoff is ORF37 (also known as SOX).
Eliminating ORF10 expression from KSHV or knocking down Rae1 expression generate similar phenotypes:
reduction in late gene expression and virion production. Thus, our results demonstrate that mRNA export inhibition by
ORF10 has an unique biological role in viral replication that is distinct from the shutoff activity of ORF37. In
conclusion, we uncovered a novel strategy by which KSHV manipulates host gene expression through inhibiting
nuclear export of RNA. Regulation of gene expression is critical for successful viral replication and contributes to
pathogenesis. An understanding of how KSHV regulates cellular processes through ORF10 may enable new
therapeutic strategies against KSHV-related diseases.
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P7.  Development of HIV-Specific T-Cell Therapy: Lessons From Epstein-Batr Virus

Catherine M. Bollard

Children’s National Medical Center and The George Washington University School of Medicine and Health Sciences,
Washington, D.C.

Adoptive T cell therapy using virus-specific T cells (VSTs) has been successful in boosting viral-specific immunity for
the treatment of patients with EBV+ Lymphoma and for patients post-HSCT, effecting disease remissions and
preventing viral reactivations of CMV and EBV. However, the therapeutic use of VSTs (non gene engineered) to
boost HIV-specific T cell immunity in HIV+ patients has met with more modest success. Despite multiple attempts to
eradicate HIV with allogeneic-HSCT, there is only one case of functional HIV cure. Hence, we hypothesized that
broadly HIV-specific CD8 and CD4 T-cells (HXTCs) could be expanded from HIV+ individuals on ARVSs, as well as
HIV-negative adult and cord blood donors (dHXTC), employing a non-HLA restricted approach for the treatment of
HIV+ individuals in the autologous or allogeneic settings. We adapted the manufacturing platform we had utilized
successfully for the manufacture of EBV/LMP-specific T cells from patients with EBV+ lymphomas and expanded
autologous HXTCs from HIV+ subjects under NCT02208167. To extend this approach to the allogeneic HSCT
setting, we generated dHXTCs from HIV-naive adults and cord blood donors. Epitope mapping of both adult and cord
dHXTC products revealed that products contained T cells recognizing unique epitopes not typically identified in HIV+
individuals, similar to our observations in the CMV setting, which may be critical in overcoming viral inmune escape
post-HSCT. In summary, building on our VST experiences for the treatment of patients with EBV+ lymphomas and
viral infections post HSCT, we can now show that HIV-specific T cells can be expanded from HIV+ and HIV-negative
donors for clinical use and may offer a unique T cell therapeutic for HIV cure as well as a platform for gene
modification.
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P8.  As-Needed Versus Immediate Etoposide Chemotherapy in Combination With
Antiretroviral Therapy for Mild or Moderate AIDS-Associated Kaposi Sarcoma in
Resource-Limited Settings: A5264/AMC-067

M.C. Hosseinipour’, M. Kang?, S.E. Krown?, A. Bukuru?, T. Umbleja2, J. Martin®, J. Orem*, C. Godfrey®, B. Hoagland’,
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Mngqbisa's, Naftali Busakhala', O. Martinez-Maza's, R. Ambinder8, D.P.Dittmer'?, M. Nokta'8, T.B. Campbell’s, for
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Background: Mild-to-moderate AIDS-associated Kaposi sarcoma (KS) often responds to antiretroviral therapy (ART)
alone; the role of concomitant chemotherapy is unclear. WHO guidelines state that no randomized clinical trials or
observational studies have been specifically designed to assess the value of adding chemotherapy to ART compared
to ART alone, in mild to moderate KS, and that research is needed to assess if use of oral etoposide for
chemotherapy is an effective therapy. A5264/AMC-067 was designed to address these knowledge gaps by
evaluating the benefit of immediate addition of oral etoposide chemotherapy to antiretroviral therapy for the initial
treatment of mild-to-moderate AIDS KS.

Methods: Chemotherapy-naive, HIV-1-infected adults with mild-to-moderate KS who were initiating ART in Africa
and South America were randomized 1:1 to initiate ART (TDF/FTC/EFV) alone (chemotherapy “As-Needed” arm) vs
ART plus up to 8 cycles of oral ET (Immediate arm). Participants with KS progression on ART alone received ET as
part of the As-Needed strategy. The primary outcome was ordinal: failure (composite of KS progression, initiation of
non-study chemotherapy, lost-to-follow-up, and death), stable, and response at 48 weeks. Secondary outcomes
included times to initial KS progression, suspected KS-associated immune reconstitution inflammatory syndrome
(KS-IRIS), and KS response. A planned sample size of 234 per arm provided 90% power to conclude superiority of
the Immediate Arm. At the third DSMB review for interim efficacy in March 2016, the board recommended closure of
the study to further enrollment and follow-up due to futility in the primary outcome analysis.

Results: 190 participants were randomized (As-Needed=94, Inmediate=96), the majority were men (71%) and
African (93%); the median age was 34 years. 25 participants died (13%). Failure (53.8% vs 56.6%), Stable (16.3% vs
10.8%) and Response (30% vs 32.5%) at 48 weeks did not differ between arms (As-Needed vs Immediate) among
those with Week 48 data potential (N=163, p=0.91). In the final multivariate model female sex (OR 0.45; 95%CI 0.21,
0.96) and lower neutrophil count [OR 0.36; 95%CI 0.16, 0.79) were associated with reduced odds of treatment failure
while low albumin (OR 4.48; 95%CI 2.09, 9.58) and Karnofsky score <90 (OR 2.34; 95%CI 1.12, 4.88) were
associated with higher odds of treatment failure. Times to KS progression (p=0.021), KS-IRIS (p=0.003), and KS
response (p=0.003) favored the Immediate arm. Mortality, adverse events, CD4+ T-cell changes and HIV RNA
suppression were similar at 48 weeks.

Conclusions: In HIV-infected individuals initiating ART with mild-to-moderate KS in low- and middle income
countries, the addition of immediate oral etoposide failed to provide a clinically meaningful benefit at 48 weeks
compared to the addition of chemotherapy if needed in the event of disease progression. Early clinical benefits of
etoposide, including decreased incidence of KS-IRIS, faster time to KS treatment response and longer time to
disease progression, were not sustained through week 48. Mortality was high and additional research is needed to
define the optimal approaches to the initial management of mild-to-moderate KS in resource-limited settings.

Funding: NIAID UM1 Al068634, UM1 Al068636, and UM1 Al106701; and NCI Award UM1CA121947.
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P9.  Projected Cancer Incidence and Burden in HIV-Infected Adults in the United States
Through 2030

Meredith S. Shiels?, Jessica Y. Islam?2, Philip S. Rosenberg’, H. Irene Hall®, Evin Jacobson3, Eric A. Engels’
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MD; 2Department of Epidemiology, The University of North Carolina Gillings School of Global Public Health, Chapel
Hill, NC; 3National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention, Centers for Disease Control and
Prevention, Atlanta, GA

Background: People living with HIV (PLWH) have an elevated risk of certain cancer types. With modern
antiretroviral therapy, the longevity of PLWH is increasing, the population is aging, and cancer rates are changing in
the United States (U.S.). Understanding the future cancer burden among PLWH will inform the prioritization of cancer
prevention, early detection, and treatment efforts. Here, we projected cancer incidence rates (IRs) and burden (i.e.,
number of new cases) among HIV-infected adults in the U.S. through 2030.

Methods: Data from the National Cancer Institute’s HIV/AIDS Cancer Match Study (2000-2012) were used to project
cancer rates and the Centers for Disease Control and Prevention’s HIV Optimization and Prevention Economics
model was used to project HIV prevalence estimates. Cancer rates and burden were projected among HIV-infected
adults in the U.S. during 2013-2030 by age group for AIDS-defining cancers (Kaposi sarcoma [KS], non-Hodgkin
lymphoma [NHL] and cervical cancer), and certain non-AlDS-defining cancers (Hodgkin lymphoma and cancers of
the anus, liver, lung, breast, colon and prostate). All other cancers were combined into one group.

Results: The proportion of PLWH in the U.S. aged =65 years is projected to increase from 7.5% in 2006 to 21.4% in
2030. Based on significant declines during 2000-12, age-specific cancer incidence rates are projected to decrease
across age-groups for NHL, cervical cancer, lung cancer and other cancers combined, and in some age-groups for
KS, Hodgkin lymphoma and colon cancer. Prostate cancer rates are projected to increase, and rates of the remaining
cancer sites are projected to remain constant. The estimated total cancer burden in PLWH is expected to decrease
from 8090 cases in 2010 (2740 AIDS-defining cancers, 5340 non-AIDS-defining cancers) to 6690 cases in 2030 (720
AIDS-defining cancers, 5990 non-AlDS-defining cancers). In 2010, NHL (n=1490), KS (n=1130) and lung cancer
(n=820) were estimated to be the most common cancers. However, in 2030, the most common cancers expected
among PLWH will be prostate (n=1590), lung (n=1030), liver (n=480) and anal cancers (n=450).

Conclusions: If current trends in cancer incidence, HIV transmission, and survival continue, notable shifts in the
cancer burden among PLWH will occur, with prostate and lung cancers expected to emerge as the most commonly
diagnosed cancers in PLWH by 2030. Cancer will remain an important co-morbidity among PLWH, and expanded
access to HIV therapies, and cancer prevention, screening and treatment are needed.
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BK polyomavirus (BKV) causes nephropathy in kidney transplant recipients. The virus has also been implicated as a
possible cause of bladder and kidney cancers. Two kidney transplant recipients who developed BKV nephropathy
followed by renal carcinoma both showed a swarm of BKV sequence variants encoding non-silent mutations in
surface loops of the viral major coat protein. The appearance and disappearance of these mutations over time
suggests intra-patient evolution of the virus. Some of the observed mutations conferred resistance to antibody-
mediated neutralization. The mutations also modified the spectrum of receptor glycans the virus engages during the
infectious entry process. Nearly all observed mutations are consistent with DNA damage caused by APOBEC3B, an
antiviral cytosine deaminase. This is intriguing in light of a recent report showing that BKV induces APOBEC3B
expression. The results indicate that polyomaviruses can employ APOBEC3B to acquire beneficial site-specific
mutations, conceivably with carcinogenic consequences for the host.

22
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Background: Merkel cell carcinoma (MCC) is a rare and aggressive neuroendocrine skin cancer that is associated
with integrated Merkel cell polyomavirus (MCPyV) in 80% of cases. MCC incidence and relative mortality is elevated
in immunocompromised populations. Until recently, no durable treatment options were available for patients with
metastatic MCC. As an immunogenic cancer, MCC was hypothesized to be a candidate for immunotherapy.
Avelumab is a human anti-programmed death-ligand 1 (PD-L1) IgG1 monoclonal antibody that effectively blocks
programmed cell death protein 1 (PD-1) signaling, induces antibody-dependent cell-mediated cytotoxicity (ADCC),
and possess a tolerable safety profile.

Methods: Patients with chemotherapy-resistant metastatic MCC were enrolled in JAVELIN Merkel 200
(NCT02155647), a phase 2, prospective, open-label, single-arm, international trial. Patients were not selected for
tumor PD-L1 expression or Merkel cell polyomavirus (MCPyV) status. Eligible patients received avelumab 10 mg/kg
Q2W until confirmed progression, unacceptable toxicity, or withdrawal. Tumors were assessed every 6 weeks
(RECIST v1.1) by an independent review committee. Adverse events (AEs) were assessed by NCI CTCAE v4.0.

Results: A total of 88 patients were followed for a minimum of 12 months (median follow-up = 16.4 months). The
confirmed objective response rate was 33.0% (95% Cl, 23.3%-43.8%), with 10 patients achieving a complete
response (11.4%). An estimated 74% of responses lasted 21 year, and 72.4% of responses were ongoing at the data
cutoff (September 3, 2016). The median duration of response (DOR) was not yet reached (95% Cl, 18.0 months-not
estimable). Estimated 1-year progression free survival (PFS) and overall survival (OS) rates (Kaplan-Meier
estimates) were 30% (95% Cl, 21%-41%) and 52% (95% Cl, 41%-62%), respectively. Median OS was 12.9 months
(95% Cl, 7.5-not estimable). Subgroup analyses suggested a higher probability of response in patients who received
fewer prior lines of chemotherapy. Nonetheless, durable responses occurred irrespective of baseline factors,
including tumor PD-L1 expression and MCPyV status. Drug-related AEs were generally mild and manageable with no
grade 4 or 5 events.

Conclusions: PD-L1 blockade with avelumab demonstrated durable responses and favorable survival outcomes in
patients with chemotherapy-resistant metastatic MCC. The therapy was generally well tolerated. Based on these
studies, in March 2017 the U.S. Food and Drug Administration granted avelumab accelerated approval for the
treatment of metastatic MCC.

_23 .



P12. Epstein-Barr Virus and Malaria Profiles in African Burkitt Lymphoma: What Can We
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Background: Epstein-Barr virus (EBV) and Plasmodium falciparum malaria infections are ubiquitous in parts of
Africa and are causally linked to endemic Burkitt lymphoma (eBL), the commonest childhood cancer in Africa.
However, the precise etiologic mechanism is unclear, partly because there is limited understanding of anti-EBV and
anti-malaria antibody responses in children at risk of eBL. Immune responses to a handful of anti-EBV or anti-malaria
antibodies have been characterized, and significant findings demonstrated only for IgG antibody against the EBV
viral capsid antigen (VCA) and the Pf malaria whole schizont antigen. A complete understanding of the joint humoral
responses against EBV and malaria could shed light on etiologic mechanisms underpinning these associations and
reveal insights with translational applications for prevention and treatment of eBL.

Methods: We probed pre-treatment sera from 150 pediatric BL cases aged 0-15 years and 150 age, sex, and
calendar-year matched controls from the NCI Ghana Burkitt Study (1965-1994) using an EBV microarray to measure
lgG and IgA antibody responses against 199 distinct sequences representing 86 EBV proteins. Analyses were
restricted to IgG and IgA antibody responses with an intra-class correlation coefficient (ICC) >70% and coefficient of
variation (CV) <30%, with Bonferroni correction. Analysis of correlations between anti-EBV and anti-malaria
antibodies were evaluated in the controls using existing data on IgG seroreactivity against the (Pf histidine rich
protein 2 (HRP-II) and blood-stage malaria vaccine candidate SERA5 (SE36), which were previuosly shown to have
positive and inverse associations, respectively, with eBL.

Findings: The ICC/CV for the majority of EBV IgG (104/199) and IgA (108/199) markers on the EBV array were
adequate. Levels of 31 1gG and 30 IgA anti-EBV antibodies were significantly different between eBL cases and age
and sex-matched controls (P<0-00025); 28 of these markers showed concordant anti-EBV IgG and IgA responses.
The odds ratios (OR) of association with eBL ranged from 2.5-31. For both IgG and IgA, the associations with eBL
were weak to modest (OR= 2-5) for EBV VCA and EBV LMP-1. The associations were moderately strong (OR= 5-8)
for EBV early protein BZLF1 (switches from latent infection to lytic infection) and very strong (OR=25-30) for BMRF1
(early antigen diffuse component, which is essential for Iytic protein synthesis and lytic DNA replication, BHRF1
(which is a viral homolog of Bcl-2). More in-depth analyses are ongoing to characterize anti-EBV and anti-malaria
humoral responses in this sample set.

Conclusions: Our study provides new epidemiological evidence of a broader repertoire of anti-EBV antibody
responses associated with eBL using a novel EBV protein microarray to measure both IgG and IgA antibody
responses. Ongoing analyses may shed new light on the interaction between anti-EBV and anti-malaria humoral
responses in children at risk of eBL, clarify the etiologic mechanisms underpinning these associations, and suggest
translational applications for prevention and treatment of eBL.

_24



P13. KSHY and Co-infections
Denise Whitby

Viral Oncology Section, AIDS and Cancer Virus Program, Leidos Biomedical Research, Frederick National
Laboratory for Cancer Research, Frederick, MD

Early epidemiological studies showed that prevalence of KSHV infection mirrors distribution of associated disease
geographically and among AIDS risk groups. The high prevalence of KSHV infection in sub-Saharan Africa but not in
populations of African descent in Europe or the Americas suggests that environmental co-factors may be important in
KSHV transmission. Co-factors are also important in KS pathogenesis as most KSHV infected individuals will not
develop disease. Chronic co-infections have the potential to affect both KSHV transmission and pathogenesis. The
most important is HIV and evidence for its role in KS pathogenesis is substantial. Less is known about the role of HIV
in KSHV transmission but studies suggest that HIV infection increases susceptibility to KSHV infection and also
increases onward transmission. Case-control studies of KS in Uganda in the 1990s observed risk factors including
contact with water, walking barefoot and owning pigs or goats suggestive of exposure to parasites[1, 2]. Our more
recent KS case control study in Cameroon showed increased KS risk with walking barefoot and with not using insect
nets[3]. In addition, our study of KSHV DNA detection in saliva and blood of Ugandan mothers and children showed
an association with use of surface water[4]. More recently we have reported an association between KSHV
prevalence and co-infection with malaria and hookworm in Ugandan mothers and children[5-7]. Our current studies in
cohorts in Uganda and Kenya aim not only to further elucidate the associations observed between KSHV
transmission and disease and parasitic co-infections but also to explore possible mechanisms. There are likely
numerous other co-infections that impact KSHV biology and vice versa. EBV is another oncogenic
gammaherpesvirus that shares many characteristics with KSHV and there is great potential for interaction between
the two viruses. Both are shed in saliva and establish latent infections in B cells. There are an increasing number of
studies examining the interaction between the two viruses in co-infected B cell lines in vitro. Our recent studies show
that EBV is shed in saliva more frequently and at higher levels than KSHV, but subjects shedding high levels of
KSHV often have no detectable EBV. This suggests that KSHV is able to interrupt EBV shedding possibly via a
paracrine mechanism yet to be elucidated. Since malaria has long been recognized as a co-factor in EBV
lymphomagenesis, the complexities of these multiple interactions will be challenging to unravel but such studies may
yield rich rewards in terms of our understanding of viral oncology.
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Pieter J. van den Heuvel, Baiwei Gu2, Marianne Carlsen3, Shuai Chen3, Mark McDonnell23, Yan Zhang?, Allen B.
Reitz3, Paul M. Lieberman'

'The Wistar Institute, Philadelphia, PA; 2Vironika, LLC, Doylestown, PA; 3Fox Chase Chemical Diversity Center,
Doylestown, PA

Background: HIV-infected individuals have twice the risk of developing cancer during their lifetimes as an uninfected
person, despite the availability of cCART. Epstein-Barr Virus (EBV)-associated cancers are among the most prevalent
malignancies that occur in HIV*individuals. Currently, no pharmaceutical-based therapies exist that selectively target
EBV-associated cancers. EBV, in its latent oncogenic form, is dependent on the continuous expression of Epstein-
Barr Nuclear Antigen 1 (EBNA1), a multifunctional dimeric protein critical for viral genome replication, mitotic
segregation, and viral gene expression. EBNA1 is unique with no structural analogs in the human proteome.

Methods: The aim of this program is to advance the development of a New Chemical Entity (NCE) for latent infection
of EBV to treat EBV-associated cancer. We used structure-based drug design (70+ co-crystal structures) and
medicinal chemistry Methods (2500+ compounds synthesized) to identify and develop a small molecule clinical
candidate that selectively inhibits the DNA-binding activity of EBNA1 and inhibits EBV-associated tumor cell growth in
four different mouse models of EBV-associated cancer.

Results: The clinical candidate inhibits EBNA1 function with nanomolar potency in biochemical assays and low
micromolar activity in several cell-based assays. We demonstrate that EBNA1 inhibitors provide protection in 4
different xenograft models of EBV-driven tumor growth, including lymphoblastic B-cell lymphoma and patient-derived
xenografts for nasopharyngeal carcinoma. Furthermore, RNA analysis experiments (by EBER-ISH and Nanostring-
based technology) confirm in vivo target engagement by the elimination of EBV in treated tumor tissue. EBNA1
inhibitors are selective, showing little to no activity in an EBV-negative xenograft experiment. The clinical candidate
has met industry-accepted criteria for drug suitability including in vitro ADME: physicochemical properties, metabolic
stability, Cyp inhibition and induction, hERG, Ames genotoxicity and selectivity in broad-based screens.
Pharmacokinetic studies indicate that the candidate is orally bioavailable, attaining high plasma levels with a
relatively linear dose-exposure response in mouse, rat and dog. In 28-day repeat dose toxicity studies, we observe
no toxicology findings that would preclude further development. The candidate exhibits a favorable predicted
therapeutic index, possibly reflecting the lack of an endogenous target in uninfected cells. We have also performed
salt selection, polymorph analysis and forced degradation studies and optimized the process chemistry for the
synthesis of kilogram quantities of the API.

Conclusions: IND-enabling studies including safety pharmacology and toxicology and GMP manufacturing have

begun with a projected IND filing in H1 2018. A first-in-human clinical trial could commence in 2018 depending on
available funding.
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O02. Tumor Epstein-Barr Virus Status Is Prognostic in Primary Effusion Lymphoma

Kathryn Lurain’, Mark N. Polizzotto, Priscila H. Gongalves’, Armando C. Filie2, Seth M. Steinberg?, Vickie Marshall,
Wendell Miley*, Richard Little’, Denise Whitby*, Elaine S. Jaffe?, Stefania Pittaluga?, Robert Yarchoan', Thomas S.
Uldrick?

HIV & AIDS Malignancy Branch, 2Laboratory of Pathology, and 3 Biostatistics and Data Management Section, Center
for Cancer Research (CCR), NCI, Bethesda, MD; #Viral Oncology Section, AIDS and Cancer Virus Program, Leidos-
Biomedical, Frederick National Laboratory for Cancer Research, Frederick, MD

Background: Primary effusion lymphoma (PEL) is an aggressive HIV-associated B-cell non-Hodgkin lymphoma
(NHL). Kaposi sarcoma-associated herpesvirus (KSHV) is the etiologic agent of PEL as well as Kaposi sarcoma (KS)
and a plasmablastic form of multicentric Castleman disease (KSHV-MCD). In 70-90% of cases, PEL cells are co-
infected with Epstein-Barr virus (EBV). With antiretroviral therapy (ART) and chemotherapy, median (med) overall
survival (OS) is < 1 year. We previously showed PEL is associated with elevated interleukin (IL)-6 and that baseline
immune factors including elevated IL-6, IgE and ferritin, are prognostic in PEL patients (pts) treated with curative
intent. The role of EBV in PEL remains poorly understood. We evaluated the clinical characteristics and prognostic
value of peripheral blood mononuclear cell (PBMC)-associated EBV viral load (VL) and tumor EBV status in pts with
PEL.

Methods: We identified 20 patients diagnosed with PEL, including 19 who received ART and curative intent
chemotherapy, as well as 19 KSHV-MCD and 28 HIV-associated lymphoma (HIV-L) pts. Tumor EBV status in PEL
was evaluated by in situ hybridization against EBV-encoded small RNA (EBER). PBMC EBV and KSHV VL was
evaluated by PCR for pol and K6 respectively, normalized to ERV3 (units, copies/108 PBMC). KSHV serostatus in
HIV-L patients was determined by reactivity against K8.1 and/or LANA using a mulitplex assay. EBV VL in PEL,
KSHV-MCD, and HIV-L were compared using two-tailed rank sum tests. Survival analyses evaluating cancer-specific
mortality with Kaplan-Meier Methods and a two-sided log-rank test, as well as exploratory Cox modeling using
backward selection, were performed.

Results: EBV VL in PEL (med=1,580; interquartile range (IQR)=35-
4,333) was comparable to that in KSHV-MCD (med=488; IQR=1-
1,692; p=0.09) and HIV-L (med 467; IQR=127-1592; p=0.25).
KSHV VL in PEL (med=28,644; IQR=500-115,789) was comparable
to KSHV-MCD (med=20,690; IQR=2,250-153,846; p=0.89), and t
elevated compared to HIV-L (med=0, p=<0.0001). 25% of HIV-L $ prass
patients were KSHV seropositive, 6 of these 7 had a detectable but '
low KSHV VL (med=1; IQR=1-588). Med OS in 19 PEL pts who
received chemotherapy was 22 months. 3-year cancer-specific
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survival was 47%. Med OS for EBER positive PEL was not reached, sl

with 3-year OS of 64%. Med OS in EBER negative PEL was 10.4 Figure 1. Cancer-specific survival in 19
months with no pts alive at 3 years (Figure 1, p=0.029 for patients with PEL (14 EBV positive and 5
comparison). Baseline EBV and KSHV VL were not prognostic EBV negative tumors) treated with ART
(p=0.70, p=0.51). In Cox model analysis with backward elimination, and modified dose-adjusted EPOCH,
EBER positivity was associated with a significantly decreased risk including rituximab in 16 cases.

of death (HR=0.265; 95% CI: 0.076-0.931; p=0.038).
Conclusions: KSHV VL is useful in evaluating pts with suspected PEL. Neither baseline EBV nor KSHV VL are

prognostic in PEL. With ART and chemotherapy, EBV-positive PEL has a significantly improved prognosis compared
to EBV-negative PEL, with 64% probability of obtaining long-term remission.
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03.  Cell Receptor Activation Triggers Caspase-Mediated Cleavage of PIAS] to Facilitate
Epstein-Barr Virus Lytic Replication

Kun Zhang', Dong-Wen Lv ', Renfeng Li"23

'Philips Institute for Oral Health Research, School of Dentistry, Richmond, VA; 2Department of Microbiology and
Immunology, School of Medicine, Richmond, VA; 3Massey Cancer Center, Virginia Commonwealth University,
Richmond, VA

Background: Epstein-Barr virus (EBV) in tumor cells is predominately in latent phase but the virus can undergo lytic
reactivation in response to various stimuli. However, the cellular factors that control latency and Iytic replication are
poorly defined.

Methods: Using gene-knockout and reconstitution methods, we demonstrated that a cellular factor, PIAS1, restricts
EBV lytic replication.

Results:

o We demonstrated that depletion of PIAS1 facilitates, while reconstitution of PIAS1 suppresses, EBV Iytic
reactivation.

o Strikingly, we showed that the cross-linking of B cell receptor (BCR), a physiologically relevant stimulus for EBV
reactivation, triggers caspase-dependent cleavage of PIAS1.

o We demonstrated that caspase-3, -6 and -8 cleave PIAS1 at two evolutionarily conserved sites (D100 and D433)
and that caspase inhibition abrogates EBV reactivation through preventing PIAS1 cleavage.

o We further demonstrated that a cleavage-resistant PIAS1 mutant strongly suppresses EBV replication upon BCR
activation.

o Mechanistically, we showed that PIAS1 acts as a co-repressor for transcription factors critical for viral lytic gene
expression and that caspase-mediated cleavage antagonizes the co-repressor function of PIAS1.

Conclusions: Our results establish PIAS1 as a critical regulator of EBV lytic replication and uncover a previously
unappreciated mechanism by which EBV exploits apoptotic caspases to antagonize PIAS1-mediated restriction.
These findings would have wide-ranging implications, especially in inspiring other researchers to further explore the
emerging role of caspase activation and the subsequent cleavage of cellular or viral factors in the replication or
reactivation of herpesviruses and, more broadly, other viruses.
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O4.  Anti-IL-15-mediated Depletion of NK Cells in Primary SIV Infection Does Not Alter
SIV Replication but Accelerates Rhesus Rhadinovirus Pathogenesis

Afam A. Okoye'2, Maren Q. DeGottardi'2, Mukta Vaidya'?, Derick M. Duell'2, Yoshinori Fukazawa'2, Helen Li"?,
Minsha Manoharan'?, Alfred W. Legasse?, Byung S. Park?, Jacob D. Estes*, Jeffery D. Lifson?, Keith Reinmann,
Michael K. Axthelm™2, Scott W. Wong"2, Louis J. Picker'?2

"Vaccine and Gene Therapy Institute, ?Oregon National Primate Research Center, 3Division of Biostatistics,
Department of Public Health and Preventative Medicine, Oregon Health & Science University, Portland, OR; ‘AIDS
and Cancer Virus Program, Leidos Biomedical Research, Inc., Frederick National Laboratory, Frederick, MD;
SMassBiologics, University of Massachusetts Medical School, Boston, MA

Background: The common gamma-chain cytokine IL-15 plays an important role in enhancing the anti-viral effector
activity of memory T and natural killer (NK) cells. However, IL-15 has also been implicated in driving the pathogenic
hyperimmune activation that often characterizes progressive HIV/SIV infection. In nonhuman primates, IL-15
administration during primary SIV infection is associated with enhanced activation of CD4* memory T cells and
higher post-peak virus replication set points. Thus, although IL-15 activity might provide benefit to an HIV/SIV
infected host by supporting HIV/SIV-specific T and NK responses, it may also contribute to HIV/SIV pathogenesis
and disease progression. In this study, we set out to determine the impact of IL-15 signaling blockade during primary
SIVmac239 infection on SIV-specific immunity, virus replication kinetics and disease progression.

Methods: A total of 24 adult male rhesus macaques (RM), negative for MHC alleles associated with virological
control (Mamu A*01/B*17/B*08) were selected and randomized into 3 groups of 8 RM each. Group 1 received 3
biweekly doses of a rhesusized anti-IL-15 monoclonal antibody (anti-IL-15 mAb) starting 6 weeks prior to SIV
challenge. Group 2 received 3 biweekly doses of anti-IL-15 mAb starting 6 weeks before in addition to 4 biweekly
doses after SIV challenge. Group 3 received a control-rhesusized monoclonal antibody with the same dosing
schedule as Group 2.

Results: Anti-IL-15 mAb administration was efficient at neutralizing IL-15 signaling in vivo and caused a near
complete depletion of NK cells in the blood and tissues. SIV-specific T cell responses, anti-SIV antibody titers and
SIV replication kinetics were comparable between anti-IL-15 mAb treated animals vs. controls. Strikingly we
observed a significantly higher proportion of anti-IL-15 mAb treated RM with rhesus rhadinovirus (RRV) reactivation
(measured by RRV DNA in blood) as early as 6 weeks post-SIV infection. RRV is the simian homologue of the
human Kaposi's sarcoma-associated herpesvirus and consequently, anti-IL-15 mAb treated RM had a higher
incidence of hematological malignancies, including non-Hodgkins lymphoma at end-stage disease.

Conclusions: These data suggest that IL-15 activity may play a key role in mediating protection from RRV

reactivation and tumor formation during progressive SIV infection either through the maintenance of NK cell
homeostasis or by supporting T cell mediated immunity against RRV.
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O5. Manipulation of the Host Iron Regulon by Kaposi Sarcoma Herpesvirus (KSHYV)
Jean K. Gustin, Ying Bai, Ashlee V. Moses
Oregon Health & Science University, Beaverton, OR

Iron is a critical element for the replication of diverse viruses but is also an important cofactor for the growth and
proliferation of various cancers. KSHV-dependent neoplasms such as Kaposi sarcoma (KS) may therefore present
an opportunity for which the manipulation of iron provides a two-pronged therapeutic approach. Further support for
iron chelation as a treatment for KS comes from epidemiological data indicating that iron is a KS pathogenesis
cofactor. Interestingly, infection-induced inflammation triggers the host acute phase response, which, among other
things, alters iron homeostasis to limit iron availability during infection. It is therefore likely that KSHV faces a two-fold
challenge; (a) virus-induced (e.g., vIL-6) inflammation reducing iron availability, and (b) “nutritional immunity”
resulting from the host’s own tightly regulated iron levels. To determine if KSHV manipulates the host iron regulon to
facilitate infection and pathogenesis, we examined a panel of host iron-related gene products for changes in their
expression after latent KSHV infection of lymphatic endothelial cells (LEC). We observed that infection of LEC with
both BCBL- and recombinant BAC16-derived KSHV impacted the expression of nearly all the host iron genes tested.
Based on results from immunoblot analyses, we categorized these changes based on direction and amplitude. Latent
KSHYV infection led to significant upregulation of the membrane associated ferric reductase STEAP3 and the iron
transporters TRPML1 and ZIP14. The transferrin receptor 1 (TFRC), iron regulatory proteins 1 and 2 (IRP1/2),
mitochondrial heme exporter FLVCR, HFE, and ferroportin (FPN) were upregulated to a lesser degree. With the
exception of the divalent metal transporter DMT1, which was downregulated by the virus, these data suggest that
KSHV-infected EC display an iron-acquisition phenotype. We next tested the expression of the iron gene panel for
KSHV-dependent changes in the presence of excess iron or following iron depletion. While host iron gene expression
changed predictably with respect to iron availability in mock-infected LEC, KSHV retained its ability to manipulate the
iron regulon. We are currently examining the iron regulon in additional EC types and optimizing conditions to facilitate
the testing of modern iron chelators with improved solubility profiles as potential therapeutic agents for KSHV-
associated malignancy.
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06. Modulation of Cholesterol Pathway in KSHV Infection

A.K. Serquifia’, D.M. Kambach?, O. Sarker!, J.M. Ziegelbauer!

'HIV and AIDS Malignancy Branch, 2Radiation Oncology Branch, National Cancer Institute, National Institutes of
Health, Bethesda, MD

Background: Oxysterols are cholesterol derivatives emerging as a new class of signaling molecules. 25-
hydroxycholesterol (25HC) is broadly antiviral (HIV-1, HCV, MHV68, among others) and CH25H (cholesterol-25-
hydroxylase) converts cholesterol to 25HC and is interferon-inducible. Here, we hypothesize that KSHV counteracts
this antiviral response by modulating the mevalonate/cholesterol pathway.

Methods: We utilize primary human vein endothelial cells (HUVEC) and infected iSLK (epithelial cell line) for these
studies. To assay cholesterol, we use a modified Bligh-Dyer extraction method and directly measure cholesterol
using the Amplex Red Cholesterol kit. Gene expression changes were measured using quantitative PCR and
immunoblotting using the LI-COR system.

Results: From various screens, we found that KSHV viral miRNAs target enzymes in the mevalonate/cholesterol
pathway. HMGCS1 (3-hydroxy-3-methylglutaryl-CoA synthase1), HMGCR (3-hydroxy-3-methylglutaryl-CoA
reductase, rate-limiting step), and FDFT1 (farnesyl-diphosphate farnesyltransferase1, committed step in cholesterol
branch) are repressed by multiple KSHV miRNAs. We transfected viral miRNA mimics in primary endothelial cells
(HUVEC) and found cholesterol was reduced. However, depletion of HMGCS1 is not sufficient to decrease
cholesterol. This suggests that multiple targets are needed to perturb this tightly-regulated pathway. We found that
cholesterol levels were decreased in de novo infected HUVEC cells after 7 days. To confirm the role of viral miRNAs,
we found that a mutant form of KSHV lacking 10 of the 12 miRNA genes had increased cholesterol compared to wild
type infections. Since we hypothesized that KSHV is downregulating cholesterol to suppress the antiviral response by
25HC, we measured CH25H gene expression in de novo infection vs. long term infection. Consistently, CH25H
mRNA increased in de novo infected HUVEC, but strongly suppressed in long-term latently infected cell lines. To
confirm that 25HC is antiviral against KSHV, we added exogenous 25HC prior to de novo infection. We found that
infection efficiency (as measured by latent gene LANA and Iytic gene RTA expression) is suppressed in a dose-
dependent manner by 25HC, while LANA promoter expression is unaffected. To further elucidate the mechanism of
25HC antiviral activity, we assayed different steps of the viral life cycle. Surprisingly, viral entry was not strongly
inhibited by 25HC and no significant changes were detected in nuclear entry. We did find that 25HC treatment
upregulated IL-6 expression by 20-fold and this activation of IL-6 was suppressed in infected cells. Current efforts are
underway to understand how 25HC induces the innate immune response to counteract KSHV viral infection.

Conclusions: KSHV viral miRNAs target enzymes in the mevalonate pathway to modulate cholesterol in infected

cells. This repression of cholesterol levels is useful to inhibit production of 25HC, which blocks KSHV infection at a
post-entry step.
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O7. Portable Nucleic Acid Amplification Testing as a Means for Diagnosis of Kaposi
Sarcoma in Africa

Jeffrey Martin?, Aggrey Semeere?, Ryan Snodgrass?, Priscilla Namaganda?, Andrea Gardner*, Megan Wenger!,
Esther Freemand, Toby Maurer!, Robert Lukande?, Miriam Laker-Oketta?, David Erickson?, Ethel Cesarman*

"University of California, San Francisco, San Francisco, CA; 2nfectious Diseases Institute, Kampala, Uganda;
3Cornell University, Ithaca, NY; “Cornell Medical School, New York, NY; SHarvard University, Boston, MA

Background: Both the need for and problems associated with histopathologic diagnostic testing for Kaposi sarcoma (KS)
in sub-Saharan Africa have been well chronicled. Accurate and timely pathology is needed both to facilitate early KS
diagnosis — arguably the most compelling clinical issue related to KS in Africa — and to ensure that potentially toxic
chemotherapy is only given to those who need it. Unfortunately, achieving optimal pathology services has been long limited
by lack of personnel and equipment. Even where pathology is available, accuracy of KS diagnosis has often been sub-
optimal. As an alternative to pathology, we hypothesized that quantification of KSHV DNA content in skin lesions can
diagnose KS and that a low-cost portable nucleic acid amplification-based device can be developed.

Methods: We evaluated a consecutive sample of adults with clinically suspected
KS referred to a skin biopsy service in Kampala, Uganda. Histopathologic
evaluation of the 4 mm skin punch biopsies, including anti-LANA staining, was
performed in Africa and in the US. Quantitative PCR (qPCR) for KSHV ORF 26,
from extracted DNA from a portion of the biopsy, was performed under
conventional controlled conditions. In addition, we developed a lightweight (1.1
kg) low-cost device called TINY (Tiny Isothermal Nucleic acid quantification
system) that can perform loop-mediated isothermal amplification (LAMP) for TINY powered by sunlight
ORF 26. Designed and produced at Cornell-Engineering, TINY runs on a variety
of power sources, including solar. Using histopathology performed in the US as the gold standard, we determined the
sensitivity & specificity of both qPCR and LAMP (as performed by TINY) for KS. Receiver operating characteristic
(ROC) curves were used to assess various quantitative cutpoints and derive area under the curve (AUC).
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Results: We tested 116 adults with

pigmented skin lesions, suspected by —4 ROC:aPCRforks _. RocTnviorks
their primary care providers to be KS, v o

who were referred for a skin biopsy. = \Sens't""ty =92% 12 \sensitivity = 90%
The median age was 34 years, 38% % o % o

were women, and 98%were HIV- § 5

infected (of whom 81% were on & AUC = 0.98 ?Q

antiretroviral therapy); 17% of lesions ol e AUC=0.98

were macules, 75% plaques, and 8% 0 25 5 75 1 < o 28 & 78 1
nodules. Pathologic testing revealed 1-Specificity 1-Specificity

that 79 were KS, 28 not KS and 9 were
indeterminate. Using the 79 KS and 28 non-KS as gold standards, the AUC for PCR for KS diagnosis was 0.98, and
at the optimal cutpoint (6941 KSHV copies per 100,000 human cells), sensitivity was 92% and specificity 93%, with
93% of subjects correctly classified. Of the initial 82 specimens tested by TINY, sensitivity & specificity were
comparable to gPCR (Figure).

Conclusions: In the context of East Africa, where KSHV infection is endemic, quantification of KSHV DNA content in
skin lesions by PCR has both high sensitivity and specificity for the diagnosis of KS when compared to gold standard
pathology. We have developed a portable low-cost device, which can run on multiple energy sources (including
sunlight), that can perform isothermal nucleic acid amplification for KSHV that closely parallels the performance of
qPCR performed in controlled laboratory conditions. This proof of concept and this prototype device are promising
leads in the development of a point-of-care nucleic acid amplification-based diagnostic test for KS.
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08. Kaposi Sarcoma-Associated Herpesvirus (KSHV) Seroprevalence and
Antibody Levels in Relation to Haemoglobin and Malaria Among Individuals
From Rural Uganda'
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'"MRC/UVRI Uganda Research Unit on AIDS, Entebbe, Uganda; 2London School of Hygiene & Tropical Medicine,
London, UK; 3Viral Oncology Section, AIDS and Cancer Virus Program, Frederick National Laboratory for Cancer
Research, Frederick, MD; “University of York, York, UK

Kaposi sarcoma-associated herpesvirus (KSHV) is prevalent in rural Uganda, with a seroprevalence of over 90% in
adults. Risk factors for high transmission of KSHV in rural areas leading to this high prevalence have not been well
investigated. We examined the association between KSHV seroprevalence and antibody levels in relation to several
risk factors in adults and children, including haemoglobin (Hb) levels, malaria parasitemia and socio-demographic
factors in a rural Ugandan cohort.

KSHV seroprevalence was defined as seropositivity to either K8.1 or ORF73. KSHV IgG antibody responses to K8.1
(Iytic) and ORF73 (latent) antigens were measured using ELISA among people from two consecutive General
Population Cohort (GPC) surveys. Samples were collected from adults in 2014 and 2015 and from children (aged 1 -
17) in 2016. Malaria parasitemia was measured using Rapid Diagnostic Tests (RDTs). Hb levels were measured
from capillary blood using the HemoCue Hb system. Socio-demographic data were collected by questionnaire. The
association between KSHV seroprevalence and antibody levels with malaria parasitemia, Hb levels and socio-
demographic factors was determined using regression analysis.

Among 4134 children, the mean age was 9 years, 50% were males, HIV prevalence was 1% and 18% had malaria
parasitemia. Among 3288 adults, the mean age was 40 and the oldest person was 103, 39% were males and HIV
prevalence was 9%. KSHV seroprevalence increased with age from 28% among 1 to 3 year olds to above 88%
among adults aged 18 years and above. KSHV seropositive children aged 1 to 17 years were more likely to have
malaria parasitemia than seronegative children (adjusted Odds Ratio (aOR) = 2.12, p<0.0001). Additionally, every
unit (0.1g/dL) increase in Hb level was associated with a 7% reduced risk of being KSHV seropositive (aOR=0.93,
p=0.005). Among adults, every unit increase in Hb levels was associated with reduced antibody levels to ORF73
(measured as optical density); the strength of the association was highest in the older age groups (adjusted
regression coefficient of -0.20, p value<0.0001 in the 53 to 103 age group). A few other factors examined had an
effect on seroprevalence of KSHV including age and HIV status.

KSHV seroprevalence is high in rural Uganda, there is an association between KSHV seroprevalence and malaria
infection, even after adjusting for Hb levels. The association between KSHV seroprevalence and Hb levels was
substantially reduced after adjustment for malaria, suggesting that the association with malaria cannot be explained
by anaemia alone and merits further study.
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09. T-cell Receptor Sequencing of Tumor-Infiltrating Lymphocytes in Kaposi Sarcoma
Tumors Identifies Candidate Tumor-Reactive T-cell Responses

Warren Phipps?2, Andrea M.H. Towlerton’, David Coffey"2, Nixon Niyonzima'3, Edus H. Warren

'Fred Hutchinson Cancer Research Center, Seattle, WA; 2University of Washington, Seattle, WA; 3Uganda Cancer
Institute, Kampala, Uganda

Background: Kaposi sarcoma (KS) development is strongly associated with immune dysfunction in the context of
HIV infection, but little is known about T-lymphocyte responses against KS tumor cells or human herpesvirus-8
(HHV-8), the viral cause of KS. A subset of patients with HIV-associated KS improve with initiation of antiretroviral
therapy (ART) and restoration of immune function, suggesting that the adaptive immune system plays a role in
mediating KS tumor regression. We hypothesize that superior response and survival in KS will be associated with the
activation and expansion of tumor-reactive T-cells in KS tumors among patients treated with ART and chemotherapy.
By comparing the composition and dynamics of the T-cell repertoire of tumor-infiltrating lymphocytes (TIL) in KS
tumor samples from patients with and without favorable response to therapy, we aim to identify TIL characteristics
associated with tumor regression and to identify the unique T-cell targets of that response. METHODS: High-
throughput sequencing of the T-cell receptor 3 chain (TRB) locus was performed in TIL from 1-2 pre-treatment and 1-
4 post-treatment KS tumors and in corresponding normal skin samples, which were obtained from HIV-infected
adults with KS receiving care at the Uganda Cancer Institute in Kampala, Uganda. We compared the TRB repertoire
observed in serially-collected tumors and in the corresponding normal skin samples to identify TRB sequences
carried in candidate tumor-reactive T cells.

Results: TRB sequencing has been performed to date on 94 KS tumors and 23 corresponding normal skin samples
obtained from 36 HIV-infected adults with KS who collectively demonstrated a range of treatment responses. Unique
populations of T cells were identified in multiple pre- and post-treatment tumors in all subjects; however, many of
these T-cell populations were not observed in the corresponding normal skin sample, suggesting the presence of KS-
specific T cell responses. In three subjects who achieved durable complete response to treatment, response was
associated with significant expansion in post-treatment tumor samples of a small number of T cell clones. One of
these clones carried a TRB sequence of a previously reported CD8+ EBV-associated TRB, representing a “public” T-
cell response shared by multiple individuals. Novel TRB sequences were also observed in multiple KS tumors from 2
or more subjects sharing specific MHC alleles. Based on sequencing to date, a subset of 9 subjects who share
specific HLA-A alleles also share at least 5 candidate public tumor reactive TCRs, and a second cluster of 3 subjects
share at least 3 candidate public TCRs. We compared these sequences to a library of TRB sequences derived from
over 1000 individuals with a range of solid tumor and blood cancers, and found that several of these sequences are
only identified in our in cohort of KS patients from Uganda. These novel sequences likely define a KS-specific T-cell
response. TRB sequencing of additional KS tumors and normal skin samples is ongoing and will be presented.

Conclusions: Our results demonstrate the existence of putative KS- or HHV-8-specific T cell subsets within KS TIL
that are (1) associated with favorable tumor response to therapy, and (2) identified by specific TRB sequences that
are shared between multiple patients who share 1 or more HLA alleles. These data support the existence of public T-
cell responses in KS TIL, which could have significant therapeutic value. Improved understanding of how cellular
immune responses are associated with control of HHV-8 and KS tumor regression will provide important insights into
KS biology, and may ultimately enhance KS staging approaches and lay the foundation for effective precision
immunotherapy for KS.
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010. Exploring the Function and Mechanism of Pomalidomide-Induced Increases in
Immune Surface Markers in Primary Effusion Lymphoma Cells

David A. Davis', Prabha Shrestha’, Michelle Boettler', Ashley I. Aisabor!, Robert Yarchoan'

HIV and AIDS Malignancy Branch, Center for Cancer Research, National Cancer Institute, Bethesda, MD; 2Celgene
Corp., Summit, NJ

Background: Kaposi's sarcoma-associated herpesvirus (KSHV) is the causative agent of Kaposi sarcoma and two
B-cell lymphomas, multicentric Castleman’s disease and primary effusion lymphoma (PEL). Our group has recently
shown that pomalidomide is clinically active in Kaposi sarcoma. Recently, our group demonstrated that pomalidomide
can restore the surface expression of natural killer (NK) ligands ICAM-1 and B7-2 in latent PEL cells as well as
increase MHC class | expression in lytic PEL cells. Here, we demonstrate that restoration of these markers leads to
increased PEL cell killing by NK cells and investigate the mechanism by which pomalidomide restores surface
expression markers.

Methods: KSHV-positive PEL lines, BCBL-1 and JSC-1, were treated with pomalidomide and later analyzed for
surface expression markers by FACS. In addition, these cells were analyzed for NK-mediated cytotoxicity using YTS
NK cells. We also developed a BCBL-1 cell line that acquired resistance to the cytotoxic effects of pomalidomide and
evaluated the ability of pomalidomide to affect surface marker expression in these cells.

Results: Pomalidomide at 1 uM consistently restored ICAM-1 and B7-2 expression in BCBL-1 and JSC-1 cells. This
led to an increased susceptibility of BCBL-1 cells to cell killing by YTS NK cells. JSC-1 cells were somewhat resistant
to YTS cell killing, yet pomalidomide treatment slightly increased NK killing of JSC-1 cells. In order to better
understand the mechanism by which pomalidomide affects these immune surface expression markers, a BCBL-1 cell
line resistant to pomalidomide-induced killing at up to 10 uM was generated. These cells showed a more than 90%
decrease in cereblon, an E3 ubiquitin ligase that is the protein target for pomalidomide. Examination of these cells by
FACS demonstrated that the expression levels of the NK surface markers remained low and also no longer increased
following pomalidomide treatment. This data suggests that upregulation of the NK surface markers, like the drug’s
cytotoxic effects, is likely occurring through cereblon. Effects downstream of the pomalidomide/cereblon interaction
are currently being explored as possible mechanisms for restoration of these surface markers.

Conclusions: These data show that pomalidomide not only restores NK immune surface expression ligands in PEL
cells but this also leads to increased NK killing by YTS NK cells. Furthermore, the data suggest that pomalidomide
binding to cereblon is involved in the restoration of these NK ligands. We are currently investigating the downstream
effects of the pomalidomide/cereblon interaction which resultin MHC class | and NK surface marker restoration. By
restoring NK ligand expression, pomalidomide may enable infected cells to be recognized and destroyed by NK cells
and may provide an impetus for its use as a potential treatment for PEL or other KSHV-related cancers.

This work was supported by the intramural program of the NIH, National Cancer Institute (NCI), and a CRADA
between the NCI and Celgene, Corp.
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Background: Kaposi sarcoma (KS), an endothelial cell tumor associated with human-herpes virus-8 (HHV-8),
remains among the most common malignancies occurring with HIV infection (AIDS-KS). When immunosuppression
is reversed with antiretroviral therapy (ART), KS lesions often regress, highlighting the role of immunosurveillance.
However, many patients treated with ART develop or have persistent KS and treatment with conventional anticancer
therapy is typically insufficient to eradicate disease. Lenalidomide is an IMiD compound with potent anti-
inflammatory, anti-angiogenic, and immunomodulatory properties, suggesting this agent would be active in treatment
of AIDS-KS. This is a multicenter, phase I/ll open label study in AIDS-KS patients with the primary objectives of
determining the maximum tolerated dose (MTD) and clinical response rates for lenalidomide. Secondary objectives
included estimating time to response and progression, and correlating response with the impact of lenalidomide on
the following: T-lymphocyte subsets, NK cell function and number, HIV and HHV-8 copy number, as well as HHV-8
gene expression in KS tumor biopsies.

Methods: A phase | 3+3 design was used to identify the MTD to be used in the phase Il portion. Phase | evaluated 4
pre-specified dose levels of lenalidomide (10, 15, 20 or 25 mg) taken orally daily on days 1-21 of a 28-day cycle.
Subjects with at least partial response (PR) after cycle 6 were allowed to continue therapy up to a total of 12 cycles.
Otherwise, subjects were to receive a maximum of 6 cycles. Key eligibility requirements were: biopsy-proven KS
(either newly diagnosed or previously treated, but not warranting frontline chemotherapy); age >18 years;
serologically documented HIV treated on a stable ART regimen >12 weeks with CD4 count >50/mm3 and viral load
<2,000 copies/ml; ECOG performance status <3; and adequate hematologic, hepatic and renal function.

Results: Thirty-eight subjects were enrolled from 14 AMC sites, 15 in phase | and 23 in phase II. All were male and
the majority (68%) were Caucasian. The mean age of the participants was 47 years. Median baseline values
included CD4 count 411 cells/mm? (range 122-799) and HIV viral load 44 (range <20-707). Nearly 76% of patients
had received prior therapy for KS. MTD was not reached, as no DLTs occurred in phase [; the 25 mg dose level was
chosen for phase Il. The most frequently reported adverse events associated with lenalidomide across both phase |
and Il were neutropenia, fatigue, leukopenia and diarrhea. Four serious adverse events were considered at least
possibly related: 1 moderate facial nerve disorder, 1 severe hypotension, and 2 severe lung infections. Of the 23
patients in the phase Il portion, 19 were evaluable for response with 13 completing the maximum of 12 cycles, 3
discontinuing due to disease progression, and 2 due to adverse events. The overall and partial response rates were
58% [CI: 34-80%] with an additional 32% classified as stable disease for an overall disease control rate of 90%. The
median time to response was 12.0 weeks [Cl: 8-23]. Considering the additional 5 evaluable subjects treated at 25 mg
level from phase |, the overall phase I+l PR rate at 25 mg level was 63% (CI: 41-81%). No responding subjects
experienced progression of disease during follow-up (mean duration). No significant changes in T cell subsets or HIV
viral copy numbers were found. Clinical response was associated with loss of HHV-8 transcription as expected.
Assessment of the impact on NK cells & cytokines is ongoing and will be updated at the meeting.

Conclusions: Lenalidomide is active in a dose-dependent manner for AIDS-KS. The most common adverse events
were manageable and consistent with known risks of lenalidomide. With 63% partial response rate and <10%
discontinuation due to adverse events, the response and tolerability to lenalidomide found in this study compare
favorably to other oral agents evaluated in KS.
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012. Cisplatin and Radiation Therapy in HIV-infected Women With Locally Advanced
Cervical Cancer in Sub-Saharan Africa (AMC-081)

Mark H. Einstein, Ntokozo Ndlovu, Jeannette Y. Lee, Joel M. Palefsky, Jeff Kotzen, Madhur Garg, Kathleen Whitney,
Elizabeth Stier, Ron Mitsuyasu, Susan Krown

Objectives: Numerous trials have shown improved survival when cisplatin was added to radiation therapy (RT) in
women with locally advanced cervical cancer (LACC). None of these trials included HIV-infected women, for whom
there was concern about treatment tolerance. This is a particular concern in SSA, where comorbidities are common.
Our primary objective was to determine the feasibility and toxicity of administering chemoradiotherapy to HIV-infected
women with LACC receiving concomitant antiretroviral therapy (ART).

Methods: HIV-infected women with LACC were enrolled in this prospective trial. Planned therapy included external
beam RT (EBRT) and brachytherapy with curative intent at standard doses together with weekly cisplatin, 40mg/m2,
during EBRT and prescribed ART. The protocol allowed for dose delays and dose reductions of cisplatin.

Results: 41 women with LACC, mean age (SD) 44.2 (5.6) years, were enrolled in Harare, Zimbabwe (n=26) and
Johannesburg, South Africa (n=15); 39 initiated treatment and were evaluable. FIGO stages were: IIA (1), 11B (29),
A (1), I1IB (10). Median CD4 counts and HIV viral load were 427 (range, 139-1204) and < 20 (range <20- 39900),
respectively. Thirty seven of 39 women (95%) completed treatment per protocol, which in some cases required dose
reductions or doses eliminated. A total of 228 cycles of chemotherapy were administered, most at the full dose (Table
1). Of the 36 participants who started at 40 mg/m2, more than half were able to tolerate 4 or more doses (Table 2).
GCSF was administered at the investigator's preference to 13 women. Two women with persistent hematologic
toxicity did not complete treatment as per protocol.

Conclusions: Concomitant chemoradiotherapy in HIV-infected women with LACC on ART is well tolerated at
standard doses. Dose delays and reductions were similar to those typically seen in HIV-uninfected women with
LACC. Women who completed therapy continue to be followed for survival and correlative endpoints.

Table 1: Total cisplatin cycles given at full-prescribed dose for the 36 patients who started at 40 mg/m?

# Cisplatin cycles given at full dose (40 mg/m?) N (% number of patients)
5-6 15 (42)
4 5(14)
3 8 (22)
1-2 8 (22)

Table 2: Total cisplatin cycles completed for 39* patients undergoing concomitant chemo/EBRT

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Cisplatin
No dose modifications 39 (100) 30 (77) 31(79) 24 (62) 17 (44) 13 (33)
Dose delayed 0 6 (15) 1(3) 0 2(5) 0
Dose reduced 0 2 (5) 7(18) 12 (31) 11 (28) 14 (36)
Delayed & reduced 0 1(3) 0 2 (5) 3(8) 3(8)
Drug discontinued/not 0 0 0 1(3) 6 (15) 9(23)

administered

*includes the 3 women starting at lower dose cisplatin
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Background: Cancer is a major cause of mortality and morbidity in AIDS patients and in chronically HIV-infected
people. In the era of antiretroviral therapy (ART), AIDS-defining cancers, including Kaposi’s sarcoma, non-Hodgkin
lymphoma and cervical cancer, have been dramatically reduced, while the incidence of non-AIDS-defining cancers
(NADCs), such as head and neck squamous cell carcinoma (HNSCC) and lung cancer, has been increased.
However, the mechanism underlying HIV-infected cells and the development and progression of NADCs remains
largely unknown.

Methods: Extracellular vesicles (EVs) were isolated from culture supernatants of HIV-1-infected J1.1 and control
Jurkat cells, plasma of HIV-positive individuals and sera of HIV-transgenic mice using the filtration/ultracentrifugation
method. EVs were characterized by electron microscopy, immunoblotting with exosome markers CD63, CD9 and
CD81 and acetylcholinesterase activities. HNSCC, non-smalll cell lung cancer (NSCLC) and mouse lung cancer cells
were treated with EVs for cancer cell proliferation, migration, and invasion assays and EGFR/TLR3 signaling. The
HIV trans-activation response (TAR) element RNA (TAR RNA) in EVs was detected using quantitative RT-PCR.

Results: HIV-positive and -negative T cells released EVs, which were enriched with exosomes, into culture media.
EVs purified from HIV-infected T cells, but not those from control T cells, significantly stimulated proliferation,
migration, and invasion of human HNSCC, NSCLC and murine lung cancer cells in vitro and growth of HNSCC
xenografts in nude mice in vivo. EVs purified from plasma of HIV-positive individuals also induced HNSCC cell
proliferation and migration. Serum EVs isolated from HIV-transgenic mice, but not those from normal controls,
triggered human NSCLC cell proliferation and migration. Latently and actively HIV-infected T cells EV's promoted
cancer cell growth at the same level. Cetuximab, an FDA approved monoclonal antibody to epidermal growth factor
receptor (EGFR) for HNSCC and lung cancer therapy, blocked the tumor-promoting effects of HIV-infected T-cell
EVs. HIV-infected T-cell EVs induced phosphorylation of the MAP kinase ERK1/2 through interaction with EGFR and
the Toll-like Receptor 3 (TLR3) without inducing canonical phosphorylation of EGFR. However, EVs derived from
cancer cell cultures were unable to induce HIV-1 transcription in the HIV activation reporter cell line. The TAR RNA,
which exists in vast excess of any other HIV RNAs in EVs from HIV-infected T cells, enhanced cancer cell
proliferation and stimulated expression of interferon-stimulated IFIT1 and IFNB and the EGF-inducible human beta-
defensin-3 (hBD-3) genes. In addition, The TAR RNA mutant with nucleotide replacements in the loop/bulge region
failed to induce gene expression. Moreover, co-transfection of the TAR RNA aptamer R06 blocked induction of gene
expression induced by the HIV TAR RNA.

Conclusions: HIV-infected T cells release EVs to promote growth and progression of NADCs through interaction
with EGFR and TLR3. The HIV TAR RNA in HIV-infected T-cell EVs is critical for the tumor-promoting effects of HIV-
infected T-cell EVs. Controlling biogenesis and release of the EVs and direct targeting of the TAR RNA may serve as
an adjuvant for prevention and treatment of cancers in the HIV-infected population.

Acknowledgments: Supported by grants R01DE025284 and R01DE026925 to GJ.
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Background: HIV infection puts individuals at a higher risk of many first primary cancers relative to the general
population. The use of antiretroviral therapy (ART) has led to a dramatic reduction in HIV-related mortality, increasing
life expectancy in this population. However, ART does not fully restore health and, despite declines in the rates of
Kaposi sarcoma (KS) and non-Hodgkin lymphoma (NHL), cancer incidence remains elevated above population rates
even in the era of effective ART. The combination of older age, immune perturbation, and prolonged exposure to
carcinogens and oncogenic viral infections puts individuals treated with ART at a heightened risk of cancer. While the
risks of first primary malignancies in people with HIV have been carefully studied, there is little information regarding
risks of second primary malignancies. In this study, we aimed to determine which cancers are in excess as a second
primary malignancy and if they differ from those in excess as a first primary malignancy.

Methods: This retrospective cohort study computer-linked the San Francisco HIV/AIDS surveillance registry data for
adults diagnosed with HIV/AIDS from 1990-2010 with the California Cancer Registry data for the years 1985-2013 to
identify adults (ages 16 and older) with primary cancers. The cancer registry provided data on cancer incidence and
sequence (the order in which the cancers were diagnosed) as well as tumor type and behavior. Year at cancer
diagnosis, age at cancer diagnosis, race, and sex-adjusted Standardized Incidence Ratios (SIRs) and Poisson 95%
Confidence Intervals (Cls) were calculated using Surveillance Epidemiology and End Results (SEER) population data
as the reference group. When calculating person-years at risk for the people in the HIV registry, we defined time zero
as five years before the initial AIDS diagnosis or date of HIV diagnosis (whichever came first).

Results: Among the 22,623 adults with HIV, we identified 4,144 first primary cancers and 372 second primary
cancers that occurred in 1985-2013. The majority of the 22,623 adults in the HIV/AIDS registry were male (94%),
ages 25-44 at diagnosis (73%), white (63%), and reported men who have sex with men (MSM) as their risk group
(70%). The first primary cancers were significantly elevated for all three AIDS-defining cancers: KS (SIR=126.9
Cl=121.4-132.3), NHL (SIR=17.2 CI=16.1-18.4), and cervical cancer (SIR=8.0 Cl=4.1-11.9). Significantly elevated
SIRs were observed for the following first primary non-AIDS defining cancers: anal (SIR=46.7 Cl=39.7-53.6), vulvar
(SIR=13.3 CI=6.1-20.6), Hodgkin lymphoma (SIR=10.4 CI=8.4-12.5), eye and orbit (SIR=4.2 Cl=1. 5-6.9), lip
(SIR=3.8 CI=1.3-6.2), penile (SIR=3.7 CI=1.4-6.1), liver (SIR=3.0 CI=2.3-3.7), testicular (SIR=2.0 Cl=1.4-2.6), tongue
(SIR=1.9 CI=1.1-2.7) and lung (SIR=1.3 CI=1.1-1.6). Among all second primary cancers, the risks were significantly
elevated for KS (SIR=28.0 CI=20.2-35.9), anal (SIR=17.0 CI=10.2-23.8), NHL (SIR=11.1 CI=9.3-12.8), Hodgkin
lymphoma (SIR=5.4 CI=1.1-9.7), and liver (SIR=3.6 Cl=1.4-5.8). Significantly lower first primary cancer SIRs were
observed for pancreas (SIR=0.63 CI=0.29-0.97), colon (SIR=0.56 CI=0.37-0.76), and prostate (SIR=0.56 CI=0.46-
0.66) and significantly lower second primary cancer SIRs were observed for prostate (SIR=0.56 Cl=0.23-0.89) and
kidney (SIR=0.43 CI=0.01-0.86).

Conclusions: This is one of the first studies to distinguish the risk of first versus second primary cancer among
people living with HIV. While the types of cancers observed in excess as second primaries were similar to those as
first primaries, the risk of certain second primary cancers were three or more times higher in people with HIV
compared to the general population. Thus, cancer prevention, screening and treatment remain important
considerations for people who survive a first primary cancer and are living and aging with HIV.

_ 40 -


http:CI=0.01-0.86
http:SIR=0.43
http:CI=0.23-0.89
http:SIR=0.56
http:SIR=0.56
http:CI=0.37-0.76
http:SIR=0.56
http:CI=0.29-0.97
http:SIR=0.63

0O15. Lung Cancer Mortality Among People Living With HIV in the United States: Impact
of Smoking and Smoking Cessation

Krishna P. Reddy"? Chung Yin Kong'?, Emily P. Hyle'?, Travis P. Baggett'?, Mingshu Huang'?, Robert A. Parker?2,

A. David Paltie, Elena Losina%4, Milton C. Weinstein?5, Kenneth A. Freedberg'25, Rochelle P. Walensky?2#

'Massachusetts General Hospital, Boston, MA; 2Harvard Medical School, Boston, MA; 3Yale School of Public Health,
New Haven, CT; “Brigham and Women's Hospital, Boston, MA; *Harvard T.H. Chan School of Public Health, Boston,
MA

Introduction: People living with HIV (PLWH) in the US face a high risk of lung cancer, both because >40% of PLWH
smoke cigarettes and because HIV is an independent risk factor for lung cancer. We sought to project the cumulative
lung cancer mortality by smoking exposure, and the number of lung cancer deaths expected, among PLWH in care in
the US.

Methods: We used a validated Monte Carlo microsimulation model of HIV disease and treatment to project
cumulative lung cancer mortality by age 80 among PLWH in care in the US according to age, sex, and smoking
exposure, combining smoking status (current, former, or never) and intensity (heavy, moderate, or light, based on
cigarettes per day). We stratified reported mortality rates attributable to lung cancer and to other non-AIDS-related
causes by smoking exposure, and we accounted for an HIV-conferred independent risk of lung cancer (rate ratio 1.7,
versus HIV-uninfected people). Lung cancer mortality risk ratios (versus never smokers) for male/female current
moderate smokers were 23.6/24.2, and for those who quit at age 40 were 4.3/4.5. In sensitivity analysis, we
accounted for non-adherence to antiretroviral therapy (ART), and for a range of HIV-conferred risks of death from
lung cancer and from other non-AIDS-related diseases (e.g., cardiovascular disease). Additionally, we estimated the
number of lung cancer deaths by age 80 if smoking habits did not change among PLWH aged 20-64 in care in the
US (accounting for reported rates of non-adherence to ART).

Results: Among 40 year-old men with HIV, estimated cumulative lung cancer mortality for heavy/moderate/light
smokers who continued to smoke was 28.9%/23.0%/18.8%, for those who quit smoking at age 40 was
7.9%/6.1%/4.3%, and for never smokers was 1.6%. Among women, the corresponding mortality for current smokers
was 27.8%/20.9%/16.6%, for former smokers was 7.5%/5.2%/3.7%, and for never smokers was 1.2%. ART-adherent
individuals who continued to smoke were 6-13 times more likely to die from lung cancer than from traditional AIDS-
related causes, depending on sex and smoking intensity. For 40 year-old ART-adherent men who were current
moderate smokers, the combined cumulative mortality from lung cancer and other non-AlDS-related causes — both of
which were increased by smoking — was approximately 35 times that from AIDS-related causes; for women, it was
approximately 27 times higher. Due to greater AIDS-related mortality risks, individuals with incomplete ART
adherence had higher overall mortality but lower lung cancer mortality. Applying model projections to the ~644,200
PLWH aged 20-64 in care in the US (both smokers and non-smokers), 59,900 (9.3%) are expected to die from lung
cancer if smoking habits do not change.

Conclusion: PLWH who adhere to ART but smoke are substantially more likely to die from lung cancer than from
AIDS-related causes. Even when accounting for non-adherence to ART, nearly 1in 10 PLWH initially linked to care
in the US (combining both smokers and non-smokers) are expected to die from lung cancer if smoking habits do not
change. Smoking cessation should be a priority in the care of PLWH.
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Background: Sub-Saharan Africa (SSA) bears the world’s highest prevalence of high-risk HPV infection (hrHPV)
and incidence of cervical cancer. To address the lack of screening and treatment that contributes to this burden,
WHO recommends regions adopt simplified protocols in which screening is directly coupled with treatment. We
developed and evaluated the feasibility of a lowcost community-based program featuring self-administered HPV
screening and mobile treatment.

Methods: In a rural district in western Uganda, we first trained Village Health
Team members (VHTS), also known as Community Health Workers, in a one-
day session on the fundamental aspects of cervical cancer and its prevention.
We then directed the VHTSs to mobilize women to attend a one-day HPV
screening fair at a central location in their respective communities. At the fair,
the study team and VHTSs provided instructions for self-collection of a vaginal
sample for hrHPV testing. Notification of results was based on preference of
phone call, text message, home visit or return clinic visit. Women could
specify different notification options depending on their HPV result. In addition : B .
to their preferred method, hrHPV-positive women were called to confirm B—= B\l Mobile
receipt of their results and informed about treatment availability and timing. | Treatment
Treatment was provided in mobile units near to women’s homes. Prior to
treatment, women underwent visual inspection with acetic acid to ensure they
were candidates for cryotherapy, and had cervical biopsy for final cervical
disease ascertainment.

Results: Between March 2016 and April 2017, 1035 women

attended a health fair in one of 16 communities in rural Expressed interest (N = 1035) n=1030
Western Uganda and expressed interest in being screened; 3

1030 (99%) provided a self-collected vaginal sample. The

median age of those screened was 34 years (IQR: 23-40). Collected specimen (n=1030; 99%)
Almost 80% preferred to be contacted about their results by ZW

phone (67% call; 11% text); the remainder preferred coming ) .

to a clinic (12%) or a home visit (10%). Of the 229 found to Negative hrHPV ‘ Positive hr"LPV
be hrHPV-infected, 84% were reached with their results, 81% (n=801; 78%) (n=229; 22%)
returned for a treatment visit, and 68% were treated. Of those v v
notified of their results but not treated, 14 (7%) failed to return . .
and 24 (12%) were ineligible because of pregnancy. Only 5 Res(ili;g;nég;f)ted Res(ilzgzng g/:]t)ted

women required referral for LEEP. Text (n=79; 10%)

Call (n=357; 45%)
At home (n=42; 5%)
At clinic (n=29; 4%)

Text (n=23; 10%)
Call (n=133; 58%)

Conclusion: In rural Uganda, a community-based screening At home (n=17: 7%)

program administered by VHT’s and featuring self-collected At clinic (n=20; 9%)
vaginal swabs and mobile treatment was feasible, well

attended, and well accepted. The findings support the v
concept of community-based mass HPV testing and Successfully treated (n=155; 68%)

treatment in Africa. Further optimization at each step of the

program is needed to enhance cost-effectiveness and maximize population impact.
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Background: Men who have sex with men (MSM) compose the highest risk group for anal cancer. High-grade
squamous intraepithelial lesions, identified by anal biopsy and histology (hHSILs), are precursors for anal cancer,
caused by persistent infection with high-risk human papillomaviruses (hrHPVs). There are 12 strongly carcinogenic
hrHPVs (Group 1); these include HPV16 and 18, which account for up to 90% of anal cancers. There is no current
standard approach to anal cancer screening, although experts recommend repeated screening using anal cytology.
Cytology shows poor sensitivity when compared to biopsy to detect hHSIL, and HPV testing may be a viable
screening alternative. The objective of this study is to compare the efficacy of anal cytology versus HPV testing to
predict hHSIL in older MSM.

Methods: Participants are 183 U.S. MSM from the Anal Health Substudy (AHS), a nested cohort substudy of the
Multicenter AIDS Cohort Study, who were followed for up to eight visits. A single Dacron swab was collected from the
anal canal, and tested for cytology and 37 HPV types (Linear Array HPV DNA PCR assay). Following the AHS, men
were assessed using the gold-standard: high-resolution anoscopy (HRA) with anal biopsy. Biopsies were classified
as hHSIL or <hHSIL. Multivariable logistic regression models estimated odds ratios (ORs) and areas under the
receiver-operating curve (AUCs) were calculated for five screening test strategies to predict hHSIL. Strategies
compared were: having any abnormal cytology (abCyt) versus normal, persistent positivity (positive at two or more
consecutive visits) for HPV types 16/18 (pHPV16/18+), and persistent positivity for Group 1 hrHPVs (pGroup 1+); two
combined serial strategies were further assessed: abCyt & pHPV16/18+, and abCyt & pGroup 1+. Each model
controlled for age, race, HIV, number of male receptive anal intercourse partners in the last two years, and smoking.

Results: Men were, on average, 59 (+8) years old; 58% (107/183) were HIV-infected, and 87% (159/183) were
White, non-Hispanic. About 37% (67/193) had abCyt and 54% (98/183) had hHSIL. Persistently detectable HPVs
were common, with 44% (80/183) testing pHPV16/18+ and 87% (159/183) testing pGroup 1+. On average, HIV-
infected men were younger, more likely to have a lower CD4 count (<500 CD4 cells/mm3), have abCyt, and test
pHPV16/18+ (p-values<0.05). In adjusted multivariable models, abCyt alone had a 2.2-fold higher odds of hHSIL
(95% Cl 1.2, 4.2), pHPV16/18+ alone had 3.5-fold higher odds of hHSIL (1.8, 6.8), and pGroup 1+ alone was not
associated with hHSIL (OR: 1.6 (0.6, 3.8)). When abCyt and pHPV16/18+ were combined in a model, positivity on
both tests was associated with 3.3-fold higher odds of hHSIL (1.4, 7.6). When abCyt and pGroup 1+ were combined,
positivity on both tests was associated with 2.1-fold higher odds of hHSIL (1.1, 4.1). Accuracy of individual test
strategies, abCyt (AUC: 0.62), pHPV16/18+ (0.67), and pGroup 1+ (0.59), and combined strategies (AUCs: 0.62 &
0.63) were compared; no single strategy was significantly more accurate than another (p-values>0.05).

Conclusions: Results test suggest testing for persistent HPV16/18-positivity, even using commercially-available
PCR Methods, may be an effective strategy for detecting hHSIL in older HIV-infected and -uninfected MSM. The high
prevalence of hHSIL in this sample (54%) emphasizes an urgent need for a standard approach for screening. More
research is needed to done.
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Background: Cancer is now the leading cause of death among the HIV-infected U.S. population. Among non-HIV-
infected patients with cancer, treatment with checkpoint inhibitors has become increasingly prevalent in the second-
line and refractory setting, comprising a large segment of the rapidly evolving field of immunotherapy. Since 2015,
nivolumab, an anti—PD-1 checkpoint inhibitor, has gained FDA approvals for non-small-cell-lung cancer (NSCLC),
renal cell carcinoma (RCC), Hodgkin lymphoma (HL), melanoma, head and neck squamous cell carcinoma (SCC),
and urothelial carcinoma, and is one of the most commonly used drugs in this class.

Most clinical trials highlighting checkpoint inhibitors have excluded HIV-infected patients. Currently, two phase |
clinical trials are enrolling HIV-infected patients in anti-PD-1 trials, but there is still an urgent need for safety and
efficacy data.

Methods: The primary objective of this was study was to characterize the HIV-infected veteran population receiving
nivolumab and tolerance of the drug. We searched the Department of Veteran Affairs (VA) Corporate Data
Warehouse (CDW) for all veterans nationwide who had received nivolumab between March 4, 2015, and July 26,
2017. Once these patients were identified, electronic medical records were reviewed through Compensation and
Pension Records Interchange (CAPRI). Age, sex, geographic location, cancer type, number of doses of nivolumab
received, previous cancer therapy, adverse effects, CD4 count, viral load, and response to therapy were extracted.

Results: As of 7/26/17, 16 HIV-infected patients were documented to have received nivolumab in the VA. The
median age at nivolumab initiation was 65 (range, 47-85); all patients were male. Half (n = 8, 50%) received the drug
for NSCLC. Two patients received it for HL and 2 patients for RCC. Four patients received it for off-label indications,
including hepatocellular carcinoma (HCC) (n = 1), concomitant HCC and pancreatic adenocarcinoma (n = 1), small
cell lung cancer (n = 1), and anal squamous cell carcinoma (n = 1). The median number of previous lines of therapy
was 1 (range, 1-4). The median number of doses of nivolumab received was 5.5. The median baseline CD4 count
was 304 cells/mm? (range, 63-915); 69% of patients had CD4 data within 3 months. Most patients (n = 11, 69%) had
undetectable baseline HIV RNA viral loads. The majority (n = 9 of 14 with disease reassessment, 64%) of patients
experienced progression of disease on nivolumab, while two patients (n = 2, 14%), had stable disease and one had
partial response. Two patients (14%) had complete responses by positron emission tomography—computed
tomography (PET-CT) scan. Both of these patients had HL, had received 4 prior lines of therapy, and continued on
nivolumab therapy for at least 6 months. Four patients (27%) developed immune-related adverse events: 3 (20%)
with pneumonitis, 1 of whom also developed rash, and 1 additional patient with hypothyroidism. No other adverse
effects were noted.

Conclusion: Among all HIV-infected veterans with malignancy in the U.S., fewer than 20 patients have received
nivolumab in the VA in the last two years. Based on this small retrospective case series, response rates were high in
HL. The frequency of pneumonitis was higher than proportions reported in the literature (3-9%). Further studies need
to address the safety of checkpoint inhibitors and its role in HIV-associated malignancies relative to traditional
cytotoxic regimens.
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Background: Although immune checkpoint blockade (ICB) using agents that target the priming phase (i.e. CTLA-4)
and effector phase (e.g. PD-1, PD-L1) of host immunity, used individually or in combination, has emerged as an
important new therapeutic strategy for a variety of cancers, little is known about the safety, tolerability and efficacy of
ICB in patients (pts) with HIV infection and cancer.

Methods: AMC 095 (NCT02408861) is a multicenter, international (NCT02408861) phase | study of the PD-1
inhibitor, nivo alone or in combination with a CTLA-4 inhibitor, ipi, in 2 cohorts stratified by CD4 counts (Stratum 1:
CD4 counts>200/uL and Stratum 2: CD4 count 100-200/uL) with additional expansion cohorts planned at the
recommended phase |l dose in pts with solid tumors, and classic Hodgkin’s lymphoma. The primary study objective
is to determine the safety and feasibility of the nivo alone and the nivo+ipi combination. Secondary objectives are to
evaluate the effects of single agent nivo, and ipi+ nivo, on HIV replication and immune function (HIV viral load in
plasma using conventional assay, CD4+, and CD8+ cells), and to obtain preliminary information regarding response.

Results: As of 7/27/17, 11 patients have been enrolled, 9 men and 2 women. Seven are white, 2 black, and 2 others.
The cancer diagnoses of the enrollees are: Kaposi Sarcoma (KS) (2 pts), anal (2 pts), squamous cell carcinoma
(scca) (3 pts):1 head and neck, 1 skin and 1 other, and other types of cancer.

| Agent/Dose Stratum No. Treated No. DLT DLT Type
Dose Level 1 [DL1] [-CD4 > 200/uL 5 0 None
Nivo 3 mg/kg q 2 wks
Dose Level 1 [DL1] 2-CD4 < 200 /uL 2 0 None
Nivo 3 mg/kg q 2 wks
Dose Level 2 [DL2] 1-CD4 > 200/uL 4 1 Grade 2 diarrhea
Nivo 240 mg q 2 wks + requiring steroids
Ipi 1 mg/kg q 6 wks
Total 11 1

On Stratum 1 DL1, one pt (scca of skin) remains on treatment (48 weeks of therapy) and 2 others (gall bladder
cancer and scca of tongue) received therapy for 28 and 36 weeks respectively.

Conclusion: Preliminary evidence suggests that nivolumab may be administered safely in HIV pts with CD4>200.

The early evidence also suggests that nivo